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ABSTRACT 

l^eTNA^y C.~BKAA/V 
A study of the distribution of Poraminifera and 

other microscopic fossils in cores penetrating the 

modern Trinity Delta reveals three distinct foramini- 

feral assemblages. The assemblages encountered from the 

base of the cores to the delta surface include: 1) the 

river-influenced upper bay assemblage; 2) the delta - 

margin assemblage; and 3) the marsh assemblage. The 

above assemblages are defined not only on the qualitative 

presence or absence of species but also on percentage 

abundances and agglutinated-calcareous ratios. 

The river-influenced upper bay assemblage is.charac¬ 

terized by relatively large numbers of calcareous Poram¬ 

inifera, including the dominant species Ammonia beccarli 

(Linne). The delta-margin assemblage occurs in sediments 

indistinguishable from those of the river-influenced 

upper bay; the delta-margin assemblage is characterized 

by only two Poraminifera, the agglutinated species Ammo- 

tium salsum (Cushman and Bronnimann) and Miliarrmina fuse a 

(Brady). The marsh assemblage contains a wholly agglu¬ 

tinated fauna of which the prevalent species are Trocham- 

mina macrescens Brady and Trochamminita irregularis Cush¬ 

man and Bronnimann* 

Some species of Thecamoebina are associated with the 

marsh assemblage and characterize channel-fill deposits. 

Other microfossils occur in variable abundances and may 

be environmentally significant. 
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INTRODUCTION 

Purpose 

The purpose of the present work is to extend into 

the third dimension the two dimensional study of foram- 

iniferal populations in Trinity Bay and the Trinity River 

Delta done by V/antland (1964). The forarainiferal popula¬ 

tions are described and their distribution is used to 

construct a faunal cross section of the delta. In addi¬ 

tion to the Foraminifera, the distribution of Thecamoebina 

Ostracoda, diatoms, micromollusks, and charophyte oogonia 

found in the cores is also described. 

The facies defined on the basis of faunal populations 

are compared with the sediment facies of the delta as 

determined by McEwen (1963). 

It is hoped that an understanding of the distribution 

of Foraminifera and other microfaunal populations in this 

recent delta will provide a useful model for interpreting 

ancient delta sequences. 
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Description, Geologic History, and Physiography 

The Trinity River Delta is located 40 miles east of 

Houston, Texas (29° 4^’N, 94° 43’W). It is a recent bird- 

foot-type delta being formed at the north end of Trinity 

Bay, at the mouth of the Trinity River. The delta has 

grown from the northwest corner of the bay eastward, iso¬ 

lating a body of water known as Lake Anahuac. The delta 

occupies an area of four square miles. See Figure 1 

for a map of the area. 

Trinity Bay is the northern arm of Galveston Bay. 

The Trinity River became entrenched during the Pleisto¬ 

cene Epoch when sea level was some 450 feet lower and 

the shoreline was $0 - 150 miles seaward. The estuary 

was flooded with the rise of sea level some 5000 years 

ago. The present Trinity Bay is a result of modification 

of this estuary during the ensuing stillstand of sea 

level. Modifications include broadening of the bay due 

to erosion of the shoreline; growth of the Trinity River 

Delta into the bay; and shoaling of the bottom both with 

sediments brought in by the Trinity River and sediments 
* 

derived from the erosion of the shoreline. At present 

the bay is eleven miles wide. The floor of the bay is 

everywhere less than fifteen feet deep. The six foot 

bathymetric contour is located from three to five miles 

off the delta. 



Figure 1 

General map of the Trinity Bay area showing the 

Gulf of Mexico, Bolivar Roads, Galveston Bay, Trinity 

Bay and the Trinity River. 
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The Trinity River drains an area of 17,192 square 

miles. The drainage area contains sedimentary rocks 

ranging in age from Pennsylvanian at. the headwaters to 

Quarternary at the delta. The climate in the headwaters 

is subhumid with an annual precipitation of 27 inches. 

At the delta the climate is humid with an average annual 

precipitation of 45 - 50 inches. 

The Trinity River has recently been greatly influenced 

by man. Lake iknahuac is maintained as a fresh water re¬ 

servoir and is no longer natural. The Trinity River chan¬ 

nel has been dredged, diverting the water to the east 

away from the numerous distributaries that make up the 

birdfoot delta, and extending the main channel, confined 

by spoil banks, about four miles out into the bay. Thus 

sediment carried by the river bypasses the delta and is 

not available for further growth of the delta. As a re¬ 

sult, many of the old distributaries have been abandoned 

and are being filled in. 

Topographically the delta is quite subdued, being 

only inches above sea level at the delta front and about 

two feet above sea level near the apex. Natural levees 

are up to three feet above sea level. Most of the delta 

is covered by marsh grass except for the sandy natural 

levees, spoil banks, and filled channels. The latter 

are covered by cane and, to the north, by live oak, cot¬ 

tonwood, and willows. 

The mean tidal range at the delta is less than one 

foot. Tides caused by winds are far more important than 
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lunar tides. Prevailing winds are from the northeast 

and southeast and may raise the water level at the delta 

up to three feet. Prolonged northerly winds may lower 

the water at the delta up to four feet. 

The Trinity River Delta is located thirty miles 

north of Bolivar Roads near Galveston, the nearest 

point of exchange with the saline waters of the Gulf of 

Mexico. Because of this, as well as the shallowness of 

the bay and the nearby discharge of the Trinity River, 

Trinity Bay contains brackish water. Salinities in the 

upper bay near the delta range from fresh water at times 

of high river discharge to 15 parts per thousand following 

long periods of drought. The salinity is highly variable 

and ordinarily varies up to 10 parts per thousand at any 

one point. 5 

Previous Work 

Material studies in the Trinity Delta area have been 

carried out by McEwen (1963) and Wantland (1964)* Want- 

land studied the faunal composition and distribution of 

living and total Poraminifera populations in the surface 

deposits of the Trinity River Delta and Trinity Bay, 

McEwen determined the sedimentary facies present in the 

area and established their distribution both on the sur¬ 

face and in the subsurface. 

Much of pertinent work on the distribution patterns 

and ecology of bay and delta Foraminifera bordering the 

Gulf of Mexico has been carried out as a part of API 

Project 51* F. L. Parker et al. (1953) in studying top 
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centimeter samples from in and around San Antonio Bay 

were able to distinguish an upper bay subfacies from 

the lower bay facies. Phleger (1965, 1966) studied 

living marsh foraminiferal populations from lagoons 

along the south Texas coast, including Galveston Bay. 

He was able to associate foraminiferal assemblages with 

marsh plant zones, water salinity, and proximity to la¬ 

goon or channel water. 

Much of the work done on recent Poraminifera has been 

conveniently summarized by Phleger (1960b). 

Methods of Study 

The samples for this study came from two sources; 

the Army Corps of Engineer and McEwen. Samples were 

taken from thirteen 3 - inch cores drilled by the Army 

Corps of Engineers in connection with the Wallisville 

Dam Project (1965)* Examination of these samples indi¬ 

cated that postcollection processes had destroyed much 

of the CaCO^ in the samples. The samples consequently 

were not suitable for microfaunal study. 

Fourteen 1 3/4 inch piston cores, up to 17 feet in 

length, taken by McEwen from the Trinity River Delta were 

also studied. The cores used for study were selected to 

constitute a representative cross section of the deltaic 

facies recognized by McEwen. Locations of the cores 

selected for study are shown in Figure 2. McEwen1s 

cores had been cut in half, stored open, and consequent¬ 

ly allowed to dry. In most cases one half still remains 

in tact for reference purposes. 



Figure 2 

Core locations in the Trinity River Delta. 
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The cores were sampled to yield a representative 

portion of sediment from each facies; where the sedi¬ 

mentary units were thick, samples were taken at five- 

foot intervals (Figure 3)» Approximately fifty grams 

of dried sample were studied where possible. The samples 

were dried at a temperature of 40° C for twelve hours, 

weighed, and then covered with deionized water to dis¬ 

aggregate the sediment. In some cases sodium hexameta- 

phosphate was added to disaggregate the sediment. This 

was necessary only in marsh samples. The disaggregated 

samples were then wet-sieved through 74 ” micron (No. 

200 US Standard Sieve Mesh) and 125- micron (No. 120) 

sieves. For same samples a 500 - micron (No. 35) sieve 

was inserted to remove large organic debris. The sieved 

fractions were then dried and weighed. Foraminifera and 

organic matter were floated with carbon tetrachloride, 

decanted off and allowed to dry. 

A population of 300 Foraminifera is considered to be 

representative (Phleger, 1960b). When the floated sample 

was estimated to contain more than 300 Foraminifera, the 

sample was split with a modified Otto Microsplitter to 

obtain the desired number; usually, however, this step was 

not necessary. 

Sand / Silt-Clay Ratio 

The sand / silt-clay ratio or S/S-C ratio was found 

to be a useful parameter to indicate sedimentary charac¬ 

teristics and is used as a supplement to faunal informa- 



Figure 3 

Cross sectional profile of the Trinity Delta, 

The upper cross-section bears, from left to right, 

from West to East, The lower cross-section bears 

from North to South, The numbers of the cores are 

indicated along the top of each cross-section. Cross 

hatches indicate sample locations on the cores. 

Foraminiferal assemblages are indicated as follows: 

M = Marsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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tion. The ratio was readily obtained while preparing the 

samples for study as previously described. The total dried 

sediment is weighed before disaggregation. After washing 

and sieving, the fraction greater than 74 microns and 

12^ microns are dried and weighed again. The total of 

these fractions represents the sand portion of the 

original sample. The material lost in washing is assumed 

to have been silt and/or clay. 

The S/S-C ratio is calculated as the combined weight 

of the dried fractions greater than 74 microns divided 

by the weight of the material lost during sieving. 
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FORAMINIFERAL ASSEMBLAGES 

Introduction 

Forarainiferal populations in the subsurface of the 

Trinity River Delta area are divided into three faunal 

assemblages. These assemblages are in succession from 

the base of the cores to the delta surface: 1) the 

river-influenced upper bay assemblage; 2) the delta- 

margin assemblage; and 3) the marsh assemblage. The 

river-influenced upper bay and marsh assemblages corre¬ 

spond to those recognized by V/antland (1964) under the 

same names. He was not able, however, to distinguish 

a delta-margin assemblage in his samples. 

River-Influenced Upper Bay Assemblage 

The basal portion of the cores studied represents 

conditions most like those of the open gulf an d is called 

the river-influenced upper bay facies. The sediment con¬ 

sists of a fine to medium-fine grained churned sand, 

which is light in color and moderately to well sorted. 

The top of this facies is encountered at increasingly 

shallow depths towards the open bay. 

The river-influenced upper bay assemblage is also 

present in the channel-fill deposits (Tables 1 and 2). 

From visual observations, the channel-fill sediments are 

characterized by laternating bands of clays, silts, and 

sands with some cross bedding. 

The dominant Forarainifera in this assemblage is 

Ammonia beccarii (Linne) and variants. This species 

constitutes 15 to 88 percent of the total population 



Table 1 

River-influenced upper bay assemblage 

Poraminifera are indicated as percent of the total 

Foramlnifera population. Microfossils other than 

Poraminifera are indicated as number of specimens 

per sample. 

tr = present but less than 1 percent 

X = present but not counted 
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Table 2 

Channel-fill deposits 

River-influenced upper bay assemblage 

Foraminifera are indicated as percent of the total 

Foraminifera population. Microfossils other than 

Foraminifera are indicated as the number of specimens 

per sample. 

tr = present but less than 1 percent. 

X = present but not counted. 
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with an average of 50 percent. In association with 

Ammonia beccarii and variants are Elphidium delicatulum 

Bermudez and E. matagordanum (Kornfeld). Ammotium salsum 

(Cushman aand Bronnimann) and Miliammina fusca (Brady) 

are commonly present in low percentages. These abundances 

are: 

Range Average 
Elphidium delica tulum Bermudez 3“55/6 16.3% 
E. matagordanum (Kornfeld) 0-62% 8.8% 
Miliammina fus'ca (Brady) 0-17% 5*5% 
Ammotium salsum (Cushman and 

Bronnimann) 0-29% 6.2% 

Ammonia beccarii (Linne) and variants, Elphidium 

delica tulum Bermudez, E. gunteri Cole, E. ma tagordanum 

(Kornfeld), E. poeyanum (d'Orbigny), Ammotium salsum 

(Cushman aid Bronnimann) and variants, and Miliammina 

fusca (Brady) combine to make up at least 89 percent of 

the total population. 

Delta-Margin Assemblage 

The delta-margin assemblage occurs in sediment 

that is lithologically indistinguishable from the sedi¬ 

ment of the river-influenced upper bay assemblage. In 

the cores the delta-margin assemblage always separates 

the river-influenced upper bay assemblage from the over- 

lying marsh assemblage. The unit varies greatly in thick¬ 

ness, with the thickness increasing to ten feet or more 

near the apex of the delta. 

The delta-margin assemblage is characterized by only 

two Poraminifera, Ammotium salsum (Cushman an d Bronnimann) 

and variants and Miliammina fusca (Brady). Together they 

constitute between 76 and 100 percent of the foraminiferal 
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population (Table 3)« These two Foraminifera are pre¬ 

sent in all river-influenced upper bay samples, but there 

they average only 12 percent of the total population; 

the division between the two assemblages is therefore 

marked, 

Foraminifera typical of the river-influenced upper 

bay assemblage no where exceed 18 percent of the delta- 

margin population and are generally absent. Species 

characteristic of the marsh assemblage are rare in the 

delta-margin samples. 

Marsh Assemblage 

The marsh assemblage is highly variable. There 

appears to be no pattern to the variation, and thus 

it \i?as not possible to define subassemblages. The 

typical marsh fauna exhibits little mixing with the 

other assemblages except near the distributary channels 

where the mixing is presumeably caused by occasional 

flooding. 

The following Foraminifera are indicative of the marsh 

assemblage in the Trinity River Delta and occur in various 

combinations and variable proportions (Table 4)* 

Ammosstuta inepta (Cushman and McCulloch) 
Haplophragmoides cf. wilberti Anderson 
Hu cf. manilaensis Anderson 
Uphotrocha comprimata (Cushman and Bronnimann) 
Trochammina macrescens Brady 
T. inf la ta (Montagu) 
Trochammlnita irregularis Cushman and Bronnimann 

Trochammina macrescens Brady and Trochamminita irregular is 

Cushman and Bronnimann are the most widespread and consis- 



Table 3 

Delta-margin assemblage 

Poraminifera are indicated as percent of the total 

Foraminifera population. Microfossils other than 

Poraminifera are indicated as the number of specimens 

per sample. 

tr = present but less than 1 percent. 

X = present but not counted, 

a = 100$ agglutinated. 



DELTA “MARGIN 
_Cor& nvrr>bA/>  69 69 01 a/ 03 70 is 37 37 99 CY s? C3 63 
S&>m/o/& c/a/oYA //? fe<sZ Zo ?.? ff 9.0 6.0 3.? /.? 0.7 7.0 331 YS c? ?.o 
/o~f~A/ Fon&m/o/fe/'Ot, 

Popofa. 9td> n i $ 0 Os \ \ X \s 
\ 

$ N 
F*d>rcz*m nom 0.7 t/> o 06 06 ¥.9 oa /.a 03 3.i ¥3 />./< Cf-7 30 
62* p<?Zp Z/n CLYC:*?/' /Jbr,<a/y? siz/mAdr/' 0.7 f.o <3 06 06 99 OJOJ to f-8 3.9 13 OJ £6 13 
&>/<? t»d,Z/a a. OJ — a* <z> G+ G, a. 39 m-, Gs G> til 
$*">‘9/2,79-C/*ss 8.9 l£7 ¥.7- & /M /■i 16 0.6 7.9 22/) 96 w Of /f.i 
&/?ir>iOCZ&Zo 7*CL /r?z/oZcL / 7 A 

/?) 77} C/? / £L 2 t£GC CLf* f / 6¥> 9 9 
-£ltnr>?d,/‘/6>frj cr<z/r{J*>? ^g/^Ar. VL ?? 89 9f 63 39 99 80 79 /oo 9/ £2 
ZZ/pA t *J< 't/»1 C/<3.//G<SL^CS/ Um / 2 
6Z. <7 CJS7 ¥ ap / 2 Zr ■h- 
67> /» CL Zd>&Cr>c/cL>*7£S*>7 3 

f/a./2/o/3Jlt*&£?*r>C/c/<5C S>? <2/7//c?a/2JV^S / 2 
JTOt. 

ZZ us/ZZarZ/ / ■ 
ff///a/>?/77/*?0 fa&CGLt f¥ 8 // 3 08 /oo CO 07 19 9T 99 
ZtpA c Zr'&cJ-) £L czcm/j/'/syi CL YCL. / 

Troaha/rtofincL /AI ZZG* Z*L> 3 
77 father<Z3<Z<ZS7S ¥ 61 9 
TT'OCLA & m/>j if] /7*CL //-/* &<?<LJ Z<3 C/JC 9 ¥ 2 / /A I?' 
/* SCLZSPL* / — 

6?A<Z/S?PC& Z/S7<2/~S - //£>0 10 If 
7J/*a/ /oa/'canf ito /66 - fop /a/ 4V /CP /a/ /a/ 9? /CC /£& 99 tea 

C*Ae■.» 
fyfcr-a/'a^}/s 

^•3 CcJ& M 3c/ Z~c>r'c?s>? //? / '^CO/'CL, !0 6> 
? Z?<s&/2 A G JC 3/0k / 

(7?<z /? Z^ d>/& y?C/s 3/0. <66 / 2 / 
C. 73 ¥ 9 7 
C S/9> <3 i 
C. 3 0 
PUf/o^s^ S/O. 16 13 3 OO 
Oz'ff'CLd G c/CL 2 ¥ C 
C?C3S /0O cf/Sc: <U3 / / / 
ZD/CL Zo 0-1 / i 6 3 10 0 10 9 ¥ / 
(ZZ AG^P/ZA \/7<Z 7? 2 £ 3/ // 3 / ¥ 9 19 
CZ ha op /?A >/7c> 67 \r? 8 /03 & / 2 2 f 



Table 4 

Harsh assemblage 

Foraminifera are indicated as percent of the total 

Foraminifera population. Microfossils other than 

Foraminifera are indicated as the number of specimens 

per sample. 

tr = present but less than 1 percent. 

X = present but not counted, 

a = 100$ agglutinated. 
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tantly occurring marsh species. 

Although Miliammina fusca (Brady) has often been 

considered characteristic of marsh faunas (Phleger, 

1960b), it cannot be considered as such in the Trinity 

River Delta. Here this species makes up a consistantly 

high percentage of the delta-margin assemblage adjacent 

to the marsh assemblage, but its occurrence in the marsh 

deposits is erratic and sparse. Wantland (1964) was not 

able to consider Miliammina fusca (Brady) as a marsh 

species either, although in samples taken from the delta 

surface the occurrence of the species was much greater 

than in the cores studied here. It is probable that, 

while Miliammina fusca (Brady) can exist in the marshes, 

it is better adapted to the brackish water just off the 

exposed delta. 

The taxonomic position of TReophax sp. as a Reophax 

or even as a Foraminifera is highly questionable. Mention 

of the organisms is made here only because of its relative 

abundance and its apparent environmental significance. It 

is not included as a Poraminifera in the determination of 

total foraminifera1 populations or in the species percen¬ 

tages in the Tables. ?Reophax sp. is confined to the 

marsh fauna and occurs in over half of the samples with 

populations of up to 100 specimens per sample. 
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PHYSICAL PARAMETERS OP FORAMINIFERAL ASSEMBLAGES 

Foram number 

The foram number is the number of specimens of 

Foraminifera per gram of dried sediment. It is considered 

to be an index of the distribution of the total Foram¬ 

inifera population within the sediment. 

The average foram number in Trinity Bay and the Trinity 

River Delta is 13.1+ and there is a relationship between 

the foram number and the faunal composition in the area. 

The average foram number for the river-influenced upper 

bay churned sands (including channel-fill deposits) is 

11.8. This contrasts markedly with that of the delta- 

margin churned sands which have a foram number of only 

2.1+. The marsh deposits, which are characterized by 

variable environments and faunal composition, also have 

highly variable foram numbers ranging from 1.0 to 127.3* 

The average foram number of the marsh is 20.0 indicating 

that the marshes are relatively productive areas. The 

foram numbers of individual samples is shown in Figure 4* 

The number of Foraminifera per gram of dried sediment 

may vary in response to four groups of independent fac¬ 

tors. First are those factors which determine the num¬ 

ber of tests originally deposited per unit of area. 

These include conditions relating to growth and repro¬ 

ductive rates of the organisms which are in turn func¬ 

tions of salinity, temperature (Bradshaw, 195>7)> light, 

and nutrient supply (Lankford, 1959), among others. 



Figure 4 

Foram number or number of Foraminifera per gram 

dried sediment. 

M = Marsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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The second group of factors are those that influence 

the distribution of tests in the sediments. Included 

here are dilution, destruction, and redistribution of 

tests. The dilution of test concentration is a function 

of sediment supply; given equal rates of production, 

an important assumption, the area with the higher rate 

of sedimentation will have a greater dilution of Foram- 

inifera tests and consequently a lower forara number. Des¬ 

truction of tests by predators can occur either while the 

organisms are still alive or shortly after death but be¬ 

fore burial. The presence of abundant faecal pellets 

from sand eating raollusks may indicate destruction of this 

sort (Said, 1951)* Small scale transportation is appar¬ 

ently not important (Phleger, 1955) with the exception 

of river ai d marsh Foraminifera which may be carried 

by river currents into open water. 

The third group of factors include those influencing 

the destruction of tests after burial. These factors 

are not well known but may include bacteria and other 

decay causing microorganisms, salinity (McCrone and 

Schafer, 1963)> and Eh and pH (Parker and Athearn, 1959). 

The fourth group of factors are those resulting 

from improper sample preservation and/or preparation 

techniques. Perhaps most notable here are the lack of 

or improper buffering of wet samples (as was probably 

the case in the Wallisville samples) and rough handling 

or washing which can cause the destruction of fragile 
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agglutinated tests. 

In as much as no detailed studies of any of these 

factors were carried out in the Trinity Delta area, it 

is only possible to speculate as to their relative im¬ 

portance. It is interesting to note, however, that while 

the total foram number of the river-influenced upper bay 

deposits is considerably larger than that of the delta- 

margin deposits, if we consider only the agglutinated 

foram number or the number of agglutinated Foraminifera 

per gram of dried sediment m d discard the calcareous 

forms, the foram numbers of the two facies are virtually 

identical. Agglutinated for8m numbers for individual 

samples are indicated in Figure This suggests that 

the selective destruction of calcareous tests may be 

taking place in addition to or instead of a difference 

in the productivity creating an apparent rather than a 

real delta-margin facies. Even if selective destruction 

is the origin of the delta-margin facies, its recogni¬ 

tion is useful in that it is indicative of a condition 

during or shortly after burial. 

Agglutinated/Calcareous Ratios 

The most obvious trend of the Foraminifera popula¬ 

tions in the study area is the proportion of the total 

population composed of agglutinated Foraminifera. This 

proportion increases upivards in the cores, or interpreted 

as surface environments, away from the bay deposits and 

toward the delta-margin deposits. This trend can be ob¬ 

served using number of agglutinated Foraminifera over the 



Figure £ 

Agglutinated foram number or number of agglu¬ 

tinated Foraminifera per gram of dried sediment. 

M = Marsh. 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 



H 
IxJ 
UJ 
Lu 

P in O in 
_l I I L 



15. 

number of calcareous Foraminifera or A/c ratio 

(Want land, 1964). 

The A/C ratio is largely determined by the dominant 

Foraminifera in the population. In the bay and channel- 

fill deposits the dominant Foraminifera are calcareous, 

but in the delta-margin and marsh deposits, the dominant 

Foraminifera are agglutinated. In all river-influenced 

upper bay and channel-fill deposits, the A/c ratio is 

less than 1.0. In the delta-margin and marsh deposits, 

the A/C ratio is always greater than 1.0. Often the 

Foraminifera in the delta-margin and marsh deposits are 

100 percent agglutinated. This is indicated by the sym¬ 

bol a_, A/C ratios for individual samples are indicated 

in Figure 6. 



Figure 6 

Ratio of agglutinated to calcareous Foraminifera 

(A/C ratio). 

A/C = nuni^er agglutinated Foraminifera 
' number of calcareous Foraminifera 

£ = 100$ agglutinated 

M = Marsh. 
DM = Delta-margin 
IB = River-influenced upper bay 
Gh = Channel-fill 
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NON-FORAMINIFERAL MICROFOSSILS 

In addition to Foraminif era, other microfossils 

present in the floated samples were also found to be 

useful environmental indicators. Among these are Thecamoe- 

bina, Ostracoda, micromollusks, diatoms, and Charophyte 

oogonia. The occurrence of these organisms in individual 

samples is indicated in Tables 1-4* 

Thecamoebina 

The fragile tests of Thecamoebina are not generally 

well preserved in the geologic record but, when present, 

they are a useful environmental indicator. It is note¬ 

worthy that Thecamoebina are common in many of the 

samples taken from McEwen's cores in spite of the fact 

that these cores had been dried (compare Phleger, 1960b). 

In the cores studied the distribution of Thecamoebina 

populations corresponds well with the distribution of 

Foraminif era populations. 

Centropyxis (Centropyxis) sp. A ("Leptodermella 

variablis” of F. L. Parker et-al., 1953) occurs in 

small numbers in fully half of the marsh samples. Al¬ 

though it is generally absent from the river-influenced 

upper bay and delta-margin deposits, it commonly occurs 

in channel-fill deposits, commonly in higher numbers 

than found in the marsh deposits. 

Difflugia sp. (nProteonina lagenaria” of F. L. Parker 

et'al., 1953) has been considered, along with Centropyxis 

(Centropyxis) sp. A, to typically occur in inner marshes 

(Phleger, 1960a). However, in the Trinity River Delta, 
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Dif f lugia sp. is not found in the marshes but is con¬ 

centrated in channel-fill and submarine levee deposits. 

It rarely occurs in delta-margin or river-influenced upper 

bay deposits. 

Centropyxis (Centropyxis) sp. B (“Urnulina compressa” 

of F. L. Parker et al., 1953) is found in all environ¬ 

ments but is rare except in the channel-fill deposits 

where it is common. Centropyxis (Centropyxis) sp. C 

(nUrnulina sp. B" of P. L. Parker et al., 1953) was 

sparsely encountered in all facies. 

Bolli and Saunders (1954) found that Thecamoebina in 

Trinidad live in fresh waters and are washed into marshes 

and bays by river currents. It seems likely that this 

process accounts for the occurrence of Thecamoebina in 

Trinity Bay sediments as well as in channel-fill deposits. 

Centropyxis (Centropyxis) sp. A, however, occurs in marsh 

deposits more consistantly than other species of Thecamoe¬ 

bina and may live in the marshes as well as in the rivers. 

Ostracoda 

No attempt has been made to identify the numerous 

species of Ostracoda present in the Trinity Delta samples. 

They are almost entirely absent from the marsh and 

delta-margin deposits. The few marsh and delta-margin 

samples in which they do occur also contain other ele¬ 

ments of river-influenced upper bay assemblage as well 

as the characteristic marsh or delta-margin assemblages. 

Ostracoda are present in small numbers in almost all 

river-influenced upper bay and channel-fill deposits. 



18. 

Mi cromo Husks 

Two species of gastropod and one species of pelecy- 

pod were found in the Trinity Delta cores. The most 

common gastropod, designated Gastropod A, is believed 

to be Littoridina sphinctostoma (from R.H. Parker, 1959). 

All of the micromollusks were most common in the river- 

influenced upper bay deposits and occasionally were found 

in channel-fill deposits. None were found in delta- 

margin or marsh deposits. 

Dia toms and Charophyta 

Diatom 1, apparently also Diatom 1 of Phleger (1954)* 

occurs most frequently in delta-margin deposits though 

it is also fbund in river-influenced upper bay and channel- 

fill deposits. In the Mississippi area, Diatom 1 is 

reported to be typical of the sound facies (Phleger, 

1954)* which is comparable to the delta-margin facies 

in the Trinity Delta area. 

Coscinodiscus sp. and Diatom 3 of Phleger (1954) were 

also found in the Trinity Delta cores but not in sufficient 

numbers to determine their environmental preference. 

Two types of charophyte oogonia were found in the 

Trinity Delta cores. They occur in large numbers in 

almost all delta-margin samples (up to 134 oogonia per 

sample or 2.7 oogonia per gram of dried sediment). 

They also occur consistantly but in smaller numbers in 

river-influenced upper bay deposits. They are found 

in about half of the submarine levee and channel-fill 
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deposits, occasionally in large numbers (up to 171 

oogonia per sample. They are rare in marsh deposits. 

Significance of Microfossils Other Than Foraminifera 

Organisms other than Foraminifera and their remains 

can be used in conjunction with the Foraminifera to 

indicate environment of deposition. Several examples 

of this usefulness are: 

1. The marsh fauna consists almost exclusively of 

Foraminifera with the exception of a small number of 

Centropyxis (Centropyxis) sp. A. Numerous root and 

wood fragments are generally present. 

2. Channel-fill deposits contain the greatest 

variety of microfossils other than Foraminifera. Some 

are believed to live upstream and to have been carried 

down by the river currents. Others are characteristic 

of river-influenced upper bay or delta-margin deposits 

and apparently have entered the channel with invading 

water from the bay at times of low runoff or after the 

channel had been abandoned. Centropyxis (Centropyxis) 

sp. A, Difflugla, and Centropyxis (Centropyxis) sp. B 

have been washed down the river. These species are found 

in greatest abundance in the channel-fill deposits. 

Diatom 1 and Charophyta have probably entered the channel 

from the delta-margin where they are typically found. 

Ostracoda, typical of the river-influenced upper bay 

deposits, are particularly abundant in channel-fill 

deposits. Mollusks, also typical of the river-influenced 
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upper bay deposits, are rarely encountered in the channel- 

fill deposits. 

3« Delta-margin deposits are characterized by Diatom 

1 and two types of charophyte oogonia. Other organic 

remains are rare. 

4. River-influenced upper bay deposits are charac¬ 

terized by the presence of micromollusks, including 

one species of pelecypod and two species of gastropod. 

Charophyte oogonia and Diatom 1, both typical of the 

delta-margin deposits, are also present in the river- 

influenced upper bay deposits though in smaL ler numbers 

than in the delta-margin. Ostracoda are present in 

small numbers in almost all upper bay samples. 
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SEDIMENTARY FACIES 

In 1963 McEwen studied the sediments of the Trinity 

River Delta. By studying the sediments of the surface 

of the delta and their distribution he established 

criteria by which he could recognize the same facies 

in cores from the delta. The cores he used are the same 

cores used here to establish the microfaunal distritu- 

tion of the delta. McEwen was able to recognize the 

following facies: channel and point bar, natural levee, 

channel mouth and submarine extension of natural levee, 

channel fill, marsh, lake, interdistributary bay, delta 

front, bay or prodelta, and bay margin. It was not 

possible to recognize all the facies occurring on the 

surface of the delta in the subsurface. Of the facies 

listed above only the following groups of facies were 

recognized by the author in the cores studied: natural 

levee and marsh; channel mouth, submarine extension of 

natural levee, and channel fill; and delta front. 

Natural levees border all- the distributaries and 

channels of the Trinity River Delta. Near the distri¬ 

butary mouths they extend into the bay beneath the water 

as submarine extensions of natural levees. The sediments 

making up the natural levees range from silty-clay to 

clayey-sand. They may be homogeneous or, more typically, 

non-homogeneous due to mixing by plant roots. Where the 

levee is so recent that no plant cover has formed, the 

sediments may still be cross laminated. 

Away from the channels, the natural levee deposits 
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grade into marsh deposits. The marsh sediments are 

largely silt and clay, brown in color, rich in organic 

matter, and generally structureless. The organic matter 

includes rootlets and plant debris which is either in¬ 

digenous or has been washed in. While the distinction 

between som natural levee and marsh deposits is clear, 

it is difficult to distinguish in core samples between 

a natural levee deposit that has been extensively dis¬ 

turbed by roots or burrowing animals and typical marsh 

deposits. For this reason the two facies have been com¬ 

bined for this study. 

Channel fill deposits are characterized by laminated 

sand, silt, and clay. McEwen recognized channel mouth 

and submarine levee facies where the channels enter the 

bay. Both of these facies are characterized by laminated 

and and silt. They grade into channel fill deposits 

toward the delta and into delta front churned sands 

towards the bay. The delta front facies is characterized 

by churned sands. 

Comparison of Foraminiferal and Sedimentary Facies 

The sedimentary facies recognized by McEwen (1963) 

in the Trinity River Delta are closely associated with 

corresponding foraminiferal facies recognized in this 

study. However, environments can be recognized by each 

criteria that cannot be recognized by the other criteria 

alone. 

The natural levee and marsh facies of McEwen cannot 

be dsitinguished on the basis of faunal composition or 
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s/s -C (sai d/silt-clay) ratio. Both the marsh and natural 

levee facies contain a marsh assemblage. The s/s-C 

ratio in both the marsh and natural levee deposits is 

very low, less than 0.80 and averages only 0.18. See 

Figure 7 for s/s-C ratios of all samples. 

The channel fill, submarine levee, and channel mouth 

facies, aa d part of the delta margin facies cannot be 

distinguished on the basis of fauna though a rough trend 

toward an increase in Centropyxls (Centropyxis) sp. A, 

Difflugia, and other Thecamoebina and marsh Foraminifera 

can be seen toward the channel fill and channel mouth 

deposits. However, the s/s-C ratio of the channel fill 

and channel mouth deposits are everywhere less than one 

(one exception is 1.2) and average 0.37* The low S/S-C 

ratio is a result of alternating bands of silt and clay 

with bands of sand. The S/S-C ratio of delta front 

deposits (with two exceptions) is greater than one and the 

average is 12.0, 

It is impossible to distinguish the river-influenced 

upper bay facies from the delta-margin facies on the basis 

of sediment. Both the river-influenced upper bay and delta 

margin assemblages occur in the delta front sediment 

which is characterized by light colored churned sand. 

However, on the basis of foraminiferal composition, and 

especially by using the A/C ratio, these two facies are 

readily distinguishable. 



Figure 7 

Sand/Silt-Clay Ratio. 

M = Marsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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CONCLUSIONS 

Three distinct foraminiferal assemblages are recog¬ 

nized in cores penetrating the Trinity River Delta. 

These assemblages, from the base of the cores to the 

delta surface, are: 1) the river-influenced upper bay 

assemblage; 2) the delta-margin assemblage; and 3) the 

marsh assemblage. 

1. The river-influenced upper bay assemblage is 

characterized by calcareous Poraminifera. The dominant 

species is Ammonia beccarii (Linne). Several species of 

Elphidium are also present. 

2. The delta-margin assemblage is characterized by 

only two species of Poraminifera, Ammotium salsum 

(Cushman and Bronnimann) and Miliammina fusca (Brady). 

Both of these species are agglutinated. 

3. The marsh assemblage contains an entirely agglu¬ 

tinated fauna. Trochammina macrescens Brady and Troch- 

amminita irregularis Cushman and Bronnimann are the 

prevalent species. 

Microscopic fossils, other than Poraminifera, can 

be used in conjunction with the Poraminifera to indicate 

environments of deposition. 

1. The river-influenced upper bay fauna includes 

micromollusks, ostracoda, and a small number of charo- 

phyte oogonia and diatoms. 

2. The delta-margin non-foraminiferal fauna is 

characterized by charophyte oogonia and diatoms. 

3. The marsh non-foraminiferal fauna consists only 

of Centropyxis (Centropyxis) sp. A. 
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4* Channel-fill deposits contain a variety of micro- 

fossils other than Foraminifera. Those most charac¬ 

teristic of the river-influenced upper bay and delta- 

margin faunas apparently entered the channel with the 

invading waters during times of low runoff or after 

the channel had been abandoned. Several species of 

Thecamoebina are probably carried downstream into the 

channel by the river currents. 

Several physical parameters regarding the Foraminifera 

faunas were found to be useful in separating the environ¬ 

ments of deposition. These are independent of forarainiferal 

species and may possibly be applied to ancient delta 

sequences. 

1. The agglutinated/calcareous or A/C ratio in 

the river-influenced upper bay assemblage (including 

channel-fill deposits) is always less than 1.0 while 

the A/C ratio of the delta-margin and marsh assemblages 

is always greater than 1.0. 

2. The foram number of the river-influenced upper 

bay assemblage was 11.8. The foram number of the delta- 

margin assemblage was only 2.3. Tnis discrepancy 

may be due to the selective destruction of calcareous 

tests in the delta-margin facies. The marsh environment 

is extremely variable though it is a relatively pro¬ 

ductive area as indicated by its high Foram number of 

20.0. 
The boundaries of Foraminifera! facies found in 
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the Trinity River Delta correspond well to the sediment 

facies boundaries as defined by McEwen (1963) though 

facies were recognized by each criteria that were not 

distinguishable by the other criteria alone. 

1. The river-influenced upper bay and delta-margin 

assemblages both occur in the delta front churned sands. 

2. The river-influenced upper bay assemblage also 

occurs in channel-fill deposits. 
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SYNOPTIC SYSTEMTICS 

Foraminiferida 

Ammoastuta inepta (Cushman and McCulloch) 

Ammobaculites ineptus Cushman and McCulloch, 1939* Allan 

Hancock Pacific Expedition, v. 6, no. 1, p. 89, 

pi. 1, fig. 6. 

Ammoastuta inepta (Cushman and McCulloch), Saunders, 195>8, 

Micropaleontology, v. 4> P* 83> pi. 1, figs. 4“7« 

Ammoastuta inepta is characteristic of the marsh 

assemblage in the Trinity Delta cores and is rarely 

encountered in samples containing other assemblages. 

It occurs in about half of the marsh samples in abun¬ 

dances of up to 44 percent of the total Foraminifera 

population. Its distribution within the marsh samples 

is very variable. However, it appears to be slightly 

more abundant in the lower marsh samples, those which 

are interpreted to have been formed near the bay, than 

in the inner marsh samples. 

Ammonia beccarii (Linne) 

Nautilus beccarii Linne, 1758* Systemae Naturae, 10th 

edition, p. 710. 

Ammonia beccarii (Linne), Winckworth, 1945> Bull. Zool. 

Nomencla., v. 1, pt. 5, p. 116. 

Ammonia beccarii is restricted to upper bay and 

channel-fill deposits where it is a major component of 

the river-influenced upper bay assemblage. It contri¬ 

butes from 15> to 88 percent of the total Foraminifera 
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population in these areas and averages 49 percent. 

Ammotium salsum (Cushman and Bronnimann) 

Ammobaoulites salsus Cushman and Bronnimann, 194&, 

Cushman Lab. Poram. Research Contr., v. 24, pt. 1, 

p. 16, pi. 3, figs. 7-9« 

Ammotium salsum (Cushman and Bronnimann), Loeblich and 

Tappan, 1953* Smithsonian Misc. Coll., v. 121, no. 

7* (publication \\LQ$), p. 33* 

Ammotium salsum is considered by Phleger (1960b) 

to be characteristic of inner coastal lagoons and marshes. 

In the Trinity Delta cores, it is very rarely found 

in marsh samples and occurs persistantly, but in small 

percentages, in river-influenced upper bay samples. 

However, it is a major component of the delta-margin 

samples where it usually contributes more than 5>0 per¬ 

cent to the total Poraminifera population. 

Ammotium salsum as defined in the Trinity Delta 

cores is a highly variable foraminifer. A brief attempt 

was made to subdivide this species but the subdivisions 

did not appear to be environmentally significant and the 

attempt was abandoned. Many broken and juvenile tests 

are included in this category. 

Elphidium delicatulum Bermudez 

Elphidium delica tulum Bermudez, 1949, Spec. Publ. 25, 

Cushman Lab. Poraji, Research, p. 168, pi. 11, figs. 

22, 23. 
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Elphidium delicatulum is an important constituent 

of the river-influenced upper bay assemblage. It occurs 

in virtually all samples containing this assemblage 

contributing up to 55 percent of the total population. 

It is somewhat more common in channel-fill deposits 

than in the upper bay churned sands. In channel-fill 

samples it averages 20 percent of the total population 

while in the upper bay churned sands it averages only 

15 percent of the total Foraminifera population. It 

is almost entirely absent in delta-margin and marsh 

samples. The few delta-margin and marsh samples in which 

it does occur are incclose proximity to the upper bay 

deposits. 

Elphidium discoidale (d’Orbigny) 

Polystomella discoidales Orbigny, 1839* in de la Sagra, 

Hist. Phys. Pol. Nat. Cuba, "Foraminiferes,11 p. 58, 

pi. 6, figs. 23, 2lj.. 

Elphidium discoidale (d'Orbigny), Cushman, 1930, U. S. 

Nat. Mus. Bull. IOI4., pt. 7, P» 22, pi. 8, figs. 8, 9. 

This species was found in only three samples in the 

Trinity Delta cores, all of which contained an upper 

bay assemblage. 

Elphidium gunteri Cole 

Elphidium gunteri Cole, 1931, Florida State Geol. Surv, 

Bull. 6, p. 34, pl« 4, figs. 9, 10. 

Elphidium gunteri occurs in almost all, and almost 

exclusively in samples containing a river-influenced 



32. 

upper bay assemblage. Though widespread in this environ¬ 

ment it never exceeds 14 percent of the total Foramini- 

fera population and averages only 5*3 percent of the 

total population. It is also commonly found in the 

channel-fill deposits but never exceeds 3 percent of 

the total population in these samples. 

Elphidium matagordanum (Kornfeld) 

Nonion depressula (Walker and Jacobs) var. matagordana 

Kornfeld, 1931, Contr. Dept. Geol. Stanford Univ., 

v. 1, no. 3, P» 87, pi. 13, figs. 2a, b. 

Elphidium matagordanum (Kornfeld), Parker, Phleger, and 

Pierson, 1953, Cushman Found. Foram. Research Spec. 

Pub. no. 2, p. 8, pi. 3, figs. 24, 25. 

Elphidium ma tagordanum is primarily restricted to 

the upper bay churned sands and channel-fill deposits 

contributing up to 62 percent of the total population 

with an average of 8.8 percent. 

Elphidium poeyanum (d’Orbigny) 

Polystomella poeyana d’Orbigny, 1839, in de la Sagra, 

Hist. Phys. Pol. Nat., Cuba, "Foraminiferes,M p. 

55, Pi. 6, figs. 25, 26. 

Elphidium poeyanum (d'Orbigny), Cushman, 1930, U. S. 

Nat. Mus. Ball. 104, pt. 7, P« 25, pi. 10, figs. 4, 5* 

Elphidium poeyanum is present in most upper bay 

churned sands and channel-fill deposits though in very 

percentages (never exceeding 5 percent of the total 

Foraminifera population). 
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Haplophragmoides manilaensis Anderson 

Haplophragmoides manilaensis Anderson, 195>3> Cushman 

Pound. Poram. Research Contr., v. 4> pt. 1, p. 22, 

pi. 4> figs. 8a, b. 

Haplophragmoides cf. manilaensis is rare in the 

Trinity Delta cores and is restricted to the marsh 

assemblage. 

Haplophragmoides wilberti Anderson 

Haplophragmoides wilberti Anderson, 1953* Cushman Pound. 

Poram. Research Contr., v. 4> pt. 1, p. 21, pi. 4> 

fig. 7. 

Haplophragmoides cf. wilberti frequently occurs in 

marsh samples, however, it usually makes up only a 

small percentage of the total Poraminifera population 

(average is 2 percent). 

Mlliammina fusca (H. B. Brady) 

Quinquiloculina fusca H. B. Brady, 1870, Ann. Hag. Nat. 

Hist., ser. 4> v. 6, p. 47> (289), pi. 11, figs. 

2a-c, 3* 

Mlliammina fusca (H. B. Brady), Hada, 1936, Zool. Mag., 

v. 48# P* 8^2, text fig. 5* 

The two forms of Mlliammina fusca found by Wantland 

(1964) in the surface deposits in the Trinity Delta 

area, as well as intermediate forms, were found in the 

core samples. It was not possible to correlate grain 

size in the test with grain size of the sediments in 

which they were found. It is interesting to note, 
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however, that the vast majority of the tests were of the 

coarse grain type and that Miliammina fusca was charac¬ 

teristically found in the delta front churned sands. 

Miliammina fusca is a major component of the delta- 

margin assemblage where it averages 23 percent of the 

total Poraminifera population. Although it is reported 

from marshes elsewhere (P. L. Parker et al., 195>3)» it 

was found only rarely in the marsh deposits in the Trinity 

Delta cores. Miliammina fusca was found in almost all 

river-influenced upper bay and channel-fill samples but 

here it averages only 5.5 percent of the total population. 

Palmerinella gardenislandensis (Akers) 

Eponidella gardenislandensis Akers, 1952, Jour. Paleo., 

v. 26, no. 4, p. 648, figs. 2a-c. 

Palmerinella gardenislandensis was too rqre to be 

of environmental significance in the Trinity Delta cores. 

Tiphotrooha comprimata (Cushman and Bronnimann) 

Trochammina comprimata Cushman and Bronnimann, 194$, 

Cushman Lab. Poram. Research Contr., v. 24, pt. 2, 

p. 41* pi. 8* figs. 1-3. 

Tiphotrocha comprima ta (Cushmancand Bronnimann), Saunders, 

1957* Smithsonian Inst. Misc. Coll., v. 134* no. 5* 

p. 11, pi. 4* figs. 1-4* 

Tiphotrocha comprima ta is rare in all Trinity Delta 

core samples. It exceeds 1 percent of the total Poram¬ 

inifera population only in marsh samples and may be 

considered indicative of that environment when present. 
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Trochammina Inf la ta (Montagu) 

Nautilus inflatus Montagu, 1808, Test. Brit., p. 81, 

pi. 18, fig. 3. 

Trochammina infla ta (Montagu) W. B. Carpenter, Parker 

and Jones, 1862, Introd. Porara., p. 141, pi. 11# 

fig. 5. 

Trochammina inflata is an important component of the 

marsh assemblage in the Trinity Delta cores. Here it 

may make up to 98 percent of the total Poraminifera popu¬ 

lation. It is rare in other assemblages, apparently 

occurring only as a contaminant. 

Trochammina macrescens H. B. Brady 

Trochammina infla ta (Montagu) var. macrescens H. B. 

Brady, 1870, Ann. Mag. Nat. Hist., ser. 4> v. 8, 

p. l5l, pi. 11, figs. 5a-c. 

Trochammina macrescens is a major component of almost 

all marsh populations. It is also present in channel- 

fill and bay deposits but makes up less than 2 perc.ent 

of the total population in these deposits. Its presence 

is probably a result of contamination. 

Trochamminita irregularis Cushman and Bronnimann 

Trochammlnita irregular is Cushman and Bronnimann, 194$# 

Cushman Pound. Porara. Research Contr., v. 24, pt. 

1, p. 17, figs. 1-3. 

Trochamminita irregularis Cushman and Bronnimann emend. 

Saunders, 1957, Smithsonian Inst. Misc. Coll., v. 

134, no. 5, P* 4, Pi* 2, figs. 2-8. 
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Trochamminita irregularis is a major and persistant 

component of the marsh assemblage and rarely occurs in 

other assemblages. 

Tr ocha mminit a salsa (Cushman and Bronnimann) 

Labrospira salsa Cushman and Bronnimann, 1948, Cushman 

Lab. Foram. Research Contr., v. 24, pt. 1, p. 16, 

pi. 3, figs. 5, 6. 

Trochamminita salsa (Cushman and Bronnimann) emend. 

Saunders, 1957* Smithsonian Inst. Misc. Coll., v. 

134, no. 5, p. 6, pi. 1, figs. 3-8. 

Trochamminita salsa is restricted to the marsh 

environment except for rare occurrences in delta-margin 

deposits, probably as a result of contamination. 



A1 

Ammonia beccarii (Linne) in percent of total 

Foraminifera population. 

tr = present but less than 1 percent 

M = Marsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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A2 

Ammotium salsum (Cushman and Bronnimann) and var. 

in percent of total Forsrainifera population. 

tr = present but less than 1 percent 

M = Harsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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A3 

Total Elphidium in percent of total Forarainifera 

population. 

tr = present but less than 1 percent 

M - Marsh 
DM - Delta-margin 
IB - River-influenced upper bay 
Ch = Channel-fill 
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Mlliammina fusee (Brady) in percent of total 

Foraminifera population. 

tr = present but less than 1 percent 

M = Marsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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Trochammina macrescens Brady in percent of total 

Foraminifera population. 

tr = present but less than 1 percent 

M = Harsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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A6 

Trochamminita irregularis Cushman and Brohnimann 

in percent of total Foraminifera population. 

tr = present but less than 1 percent 

M = Marsh 
DM = Delta-margin 
IB = River-influenced upper bay 
Ch = Channel-fill 
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APPENDIX B 

Three dimensional fence diagram of the distribu¬ 

tion of Poraminifera facies in cores penetrating the 

Trinity River Delta* 


